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Modern Flour-Milling in England.”’ 
By HENRY SJXOX. 

IMPORTANCE OF FLOUR-MILLING INDUSTRY. 

THE importance of the  trade done by  the flour mills of the United 
Kingdom is scarcely  appreciated  by the public. 

A  mill  has  lately  been  started at Belfast  fitted  entirely with 
niodern machinery,  which  will  be  ,described further on, and 
arranged on the system recommended by the Author. This  mill is 
capable of grinding  about 8 tons of wheat  per  hour,  or,  if  working 
day and  night for twenty hours, a daily  total of about 100 tons, 
representing  a  railway  train composed of about  twelve  wagons  for 
bringing  the wheat,  and  another  daily  railway  train, composed of 
about  as  many wagons, for taking  away  the flour and  bran. 

Supposing  such  a  mill to be in full work for three hundred  days 
in  the year, the money paid  for  wheat would come to  about $300,000, 
and for the flour ground  and offals a  similar sum, in addition to a 
margin of profit, would be realised. The  total of the money turned 
over  by such  a concern would therefore  amount to considerably 
over f600,000 sterling per  annum. 

One London firm is known to sell a t  present  about  nine  thousand 
bags of %our  per  week,  which,  taken at  an average  price of, say 
only $1 168., and  adding  thereto  a  proportional  amount of money 
for the offals, is about Sl,OOO,OOO annually, or, roughly  speaking, 
and including the money paid  for the wheat,  a turn over of 
S2,000,000 in a year. 

A considerable  number of important  milling  establishments 
exist a t  Budapest, in Hungary, where, owing to  a  fortunate con- 
course of favourable circumstances, this  industry  had  attained, 
many  years ago, a  high  state of development,  both  as to quantity 
and  quality of its producte,  and  principally with regard to  quality, 
considerably in advance of all  other  countries.  These  mills belong 
to companies which, up  to  a comparatively short  time ago, paid 
enormous dividends,  reaching sometimes 40 per  cent.  per  annum. 
One establishment has, during  the  last  ten years, paid a yearly 

The discussion upon this Paper waa taken together with that upon the 
preceding and following ones. 
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average of 2 6 . 6  per  cent. on the capital of about SlO0,OOO. The 
eight  principal  mills, with  a  total  capital of &330,000, have, 
during  the  last  ten years,  paid an average of 14.2 per  cent. They 
are  all roller-mills. 

The superior  qualities of flour produced by these  Hungarian 
mills  are  extensively  exported,  and the amount of such  flour 
reaching the United  Kingdom  has been increasing  for  several 
years, until  the last year or two, when a  partial stop was put to it 
by  the succession of splendid  and  abundant  harvests in  the United 
States,  and the  great impetus  thereby  given to  the development of 
the manufacture of flour in  that country,  and the consequent 
imports  into the United  Eingd0m.l 

For many  years  English housewives, English  bakers,  and even 
English  millers,  have been accustomed to  buy the  highest grades 
of Hungarian flour for  mixing with  the  darker flour produced in 
this country,  and an increasing demand for  superior well-cleaned 
and  white flour has thus  gradually been established,  which it is  as 
yet difficult for most English  millers  to respond to. 

The well-known  spirit of enterprise of the people of the United 
States,  fostered  as it has been by  the extraordinary good harvests 
of the  last few years,  has  given to  their  milling  industry  an  unpre- 
cedented 

One of the best  known  flour-mill  establishments in America is 
that of Governor Washburn, of Minneapolis. The  aggregate 
capacity of his  mills  amounts to about  six  thousand  barrels 
per day.3 His  establishments  are most substantial  constructions 
of grey limestone, and  are  equipped with  the best class of 
modern machinery.  Quite  recently some of the machinery de- 
scribed lower down and  equal to  that  largely introduced in this 
country by  the Author,  has been erected, and- tested with very 

~~ ~ 

These imports  have been fostered and  facilitated by excellent  trade  customs 
and  carrying  arrangements. For a description see '' Flour Mills of Minneapolis," 
in the Times of the 3rd of February 1882. The  through  carriage for flour to 
Liverpool, Glasgow, or London, ranges  as low as 1s. 9d. to 28. per 100 lbs. I t  is 
interesting to note  that  the  large imports of grain facilitate  the  export of iron by 
affording exceedingly low return  freights.  Large  American orders for pig iron 
are now (February 1882) said to  await execution, because of the  diEculty  to 
secure low freights to the  United  States on account of the  considerably decreased 
imports of grain  in consequence of the American  harved  being 30 per cent. less 
than  in 1881. 

To give  an  idea of the dimensions of American  grain traffic, it  may be 
mentioned that  at Chicago alone sometimes two thousand five hundred railway 
wagons loaded with  grain  arrive in a single day, stated to represent railway 
trains of a length of 14 English milea. 

One barrel is equal to 196 lbs. 

~~ 
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satisfactory  results a t  one of the mills  belonging to the  firla 
The possible yearly turn over of such  a mill is between ;E4,000,000 
and ;E5,000,000 sterling.’ The manufacture of flour  therefore  may 
be said to  rank  very  high  in  respect of the importance  which  single 
establishments may reach. 

As t o  the importance of this  industry as  a  whole the follow- 
ing calculations  will  best show the magnitude of the  interests 
involved. The  total  quantity of wheat  grown in  England  in 1880 
was about 10,000,000 quarters,  and  the  quantity of wheat  im- 
ported 12,000,000 quarters. In  addition  to this  total  quantity of 
22,000,000 quarters,  nearly 11,000,000 cwt. of flour were introduced. 
This represents,  roughly,  about 15,000,000 cwt., or 3,300,000 quar- 
ters of wheat. 

The  total  wheat consumed was therefore  equal t o  slightly over 
25,000,000 quarters (of about 500 lbs. each); or taking  the 
number of inhabitants at thirty-five million, a  daily consumption 
of just about 1 lb. of wheat  per  head,  not  reckoning  other cereals. 
This  total represents  a  value of about &56,000,000 sterling  per 
year,  or over S150,OOO per  day.  The cost of 1 lb. of wheat  is 
about Id. In  the  retail trade  the value of the flour obtained from 
1 lb. of wheat  may  be  taken  to  vary from l!$. to 3d., the  latter 
for the finest  brands of Austrian flour. 

The  total money value of the wheat-flour per  head of population 
is therefore  considerably more than Id. per day. 

It is  interesting  to  extend  this calculation to the whole of Europe 
with  its  three hundred  and  twenty-five million inhabitants,  repre- 
senting  at  the very  least as many lbs. of wheat, or other cereals, t o  be 
xeduced to flour per day. To  illustrate  the importance of this daily 
quantum it may be  stated that it would  occupy railway  trucks t o  
*he number of about twenty thousand,  occupying  a length of, say, 
80 miles, requiring, of course, a  similar  number of wagons for the 
daily conveyance of the ground products. The daily  expenditure 
for cereals in Europe can therefore be estimated a t  %1,500,000. 

An average  ordinary  pair of stones (taking  into consideration 
$hose that  are stopped for sharpening  or  dressing)  cannot be 
,estimated  to  grind more than 18 cwt., or say 4 quarters of wheat, 
per  average  day of work. This is equal t o  1,200 quarters  per 
year. 

Dividing the  total  quantity of 22,000,000 quarters (of wheat 
.alone) to be  ground  per  year in the United Kingdom by 1,200, 
.the  result  is  eighteen  thousand  as  the probable number of pairs 

~ ~ ~~~~ 

The flour mills of Minneapolis are said to have B possible daily production 
af twenty-five thousand seven hundred and fifty barrels of flour. 

[THE INST. C.E.  VOL. LXX.] 0 
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of millstones used for wheat.  This is  by no means  too much, 
seeing that  the number of millers in  the United Kingdom is. 
estimated by Mr. Chatterton, the Secretary of the National Asso- 
ciation of British  and  Irish Millers, at  slightly over ten thousand, 
but it is  likely  that  there  are amongst the  ten thousand addresses. 
collected by Mr. Chatterton,  a good many  dealers in flour styling 
themselves millers, possibly having  a  pair of stones for rough, 
grinding, or breaking fodder, &c. 

Eighteen  thousand  pairs of stones,  .with their necessary dressing 
machinery,  may  be taken to require all  the year  round about. 
125,000-HP. for  driving them. 

It will  therefore be seen that, not  only when considered with: 
regard  to  the possible size of single  establishments, but also when 
taken as a whole, the manufacture of ,this  staple food deserves to 
rank  in  the first  line of national  industries,  and truly did Professor. 
Graham  say, in his  Cantor  lectures on bread-making : “ Cereals 
are, of all  the  fruits of nature, the most important  to man for their. 
invaluable  store of flesh-forming  and  heat-giving  principles, the 
right method of preparing  them  for  his use is one well  worthy of‘ 
the most attentive study.”l 

Moreover, it is certainly  a  subject of national  importance  that; 
such  a  vast  amount of valuable  material  should  be  treated in t h e  
best  manner possible, and that  all waste in  its treatment should be 
avoided. Reliable  results  obtained in practice in mills  erected  by 
the Author,  prove that  by a more rational  and advanced process of 
milling, an increase in value  per sack of flour of from 28. 6d. t o  5s. 
is obtained, the  total  quantity of flour taken out of the  grain 
remaining  about the same. That is, the value of the products is, 
increased  up to  the  extent of about 113 per  cent. Of course, such 
a high increase of profit can only  be fully maintained  by the. 
miller as long  as  his  competitors do not follow in  the improve- 
ments. That miller, however, who first atads in a district does, 
positively  realise it, provided  he  has a sale  for the  superior 
qualities. It is  this  latter question  which  has kept many a miller 
from making  alterations.  Nothing was more common  some little- 
time ago than  to  be  told  by  the miller that he could not  get one 
farthing more for flour however beautiful  he  were to make it. The. 
taste for  white flour, however, has now been developed, and  even. 
if this were  not so, it would still be  certain that  that miller  who 
gives the best  value  for the money would at least do the  largest. 
trade in his district. It is, of course, out of all question that such 

Journal of the Society of Arts, vol. xxviii., p. 89. 
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an increase in value  as  here  given could ever be actually realised 
by  the millers on the whole of the wheat  ground in England,'  for 
competition  will in  the end  reduce their profits, but it is certain 
that  the nation  as  a  whole will  be  the gainers by obtaining the 
purer and more digestible food now offered. 

It will easily be understood that  the more intelligent amongst 
the British  and  Irish  millers have  long  since become fully  aware 
of the absolute  necessity of improvement,  and this conviction is 
rapidly  spreading  amongst  a  continually  increasing  number of 
millers. The demand thus created  for  improved  machinery has 
as usual  been  met  by an ever-increasing  supply. So great, 
indAed, is the  variety of machines of every  kind now offered, that 
many a miller is bewildered by  their number ; all  the more so as 
they  are constructed on principles  heretofore  entirely  unknown  to 
the immense majority of millers. The first to feel  foreign compe- 
tition were, of course, those  owning  mills  situated in or near 
ports.  Numbers of such  millers in England,  Scotland,  and  Ireland, 
have been entirely stopped by  the import of superior  or  cheaper 
American  and  other  flour;  and it is  the owners of such  mills who 
naturally first became alive t o  the necessity of doing  something to 
retrieve  their position. The average  mid-country  miller has, 
until now, been less  subjected to such influences, and  therefore 
also  less  inclined to improve. 

The Author has, during  the  last  three years,  introduced zl 

special  and improved system of flour-milling in about  twenty-five 
British  and  Irish mills. Of these the  greater number  are in 
towns on or  near  the sea. The same may  be  said of improvements 
of old mills by  the addition of single machines. 

Signs,  however, are  by no means  wanting that  this difference 
is rapidly  decreasing,  and that  the interest  in  the improvement of 
the manufacture of our  staple food is becoming more general,  and 
this desirable  result  has  certainly  been  accelerated by  the forma- 
tion of the National Association of British  and  Irish Millers, by 
the Papers  which  have been read  and discussed at  their  annual 
meetings,  and by  the  International Exhibition of Flour-Milling 
Machinery  originated by  that association, and  held last year a t  
the Agricultural  Hall.  This was preceded by the  International 
Exhibition of Milling  Machinery  in  Cincinnati,  which was visited 
by  a  large  party of British  and  Irish millers. 

The above considerations would appear sufficient to  justify a 
description of the fundamental  principles  and of some details of 

* On the 22,000,000 quarters ground in England an extra profit of 28. M. per 
sack of flour would be E4,000,000 per year. 

0 2  
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the improvements now in course of introduction in  a branch of 
industry so important  to the health  and  wealth of the nation. 

The Author does not  purpose to  enter  into  a  description of 
milling in  all  its branches, but presupposes a knowledge of the 
process of grain-cleaning  and  grinding  as  generally  applied in 
this country until now. He will  only describe the treatment of 
the  grain  after  its separation from impurities  either mixed with 
it or adhering to  it. 

DIFFERENT SYSTEMS OF GRINDING. 

The reduction of the  grain  into flour may  be done either  rapidly 
and  roughly or slowly  and  carefully. The former is effected when 
the top  stone is  set  near or very close (lower)  to the bottom stone. 
The  latter, when the distance  between the stones is  greater 
(higher).  Hence the former process is called low grinding,  and 
the  latter  high grinding. 

Low grinding  has  until now been, and to  a  large  extent  still is, 
the  rule in this country. On the other  hand, the  quantities of 
flour  imported from Hungary  are produoed by  high  grinding  in its 
strictest sense. 

The ordinary  country  miller  desires to  get  through his work in 
as short  a time as possible. He therefore  sets the stones  very 
close, and produces in a  short  time  a considerable quantity of 
flour;  but this %our is dark, because the branny  outside  and the 
germ of the  grain of wheat in  their course through  the closely-set, 
sharp,  rubbing  surface of the stones, are  to  a considerable extent 
likewise  reduced  into  small  atoms  and mixed with  the flour. 
Flours  containing  such  admixtures in too large  a  proportion do not 
keep  well,  and  easily  acquire  a  musty  taste.  There is  this  further 
difficulty in low grinding, that such  a  rapid  and  violent process 
necessarily  cannot  be  carried out  without  over-heating the 
materials  operated upon, thereby  spoiling  them t o  a consider- 
able  degree by  rendering  them  liable  to dampness, and in 
consequence of that t o  the formation of lumps or balls of flour. 
Great  heat  has  an  injurious effect on the glutinous or most valu- 
able  parts of the flour,‘ which  thereby loses to some extent its 
strength. cc  Strength ” is that highly  appreciated  quality of flour 
which  enables it to  take  up a large  quantity of water when being 
made into dough, and  which is the muse of more considerable 

1 Journal of the Society of Arts, vol. xxviii., 1879-80. Cantor Lectures. 6‘ The 
Chemistry of Brad-making.” By  Professor Oraham, D.Sc. 
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rising,  and the consequent  increased  digestibility of bread. It hae 
therefore been necessary t o  invent  and use in low grinding compli- 
cated  and  costly  apparatus  for partly  preventing  high  temperature 
and its evil consequences. Flour made by  the old-fashioned low- 
grinding process will,  for the reasons stated,  not keep as well  as 
flour produced by  high  grinding, and  which in Austria  therefore 
often goes by the name of dauermehl," that is, flour that will 
stand,  last, or keep. 

I n  low grinding  in Austria,  and partly also in England, the 
wheat used to be  damped to make the  bran tougher,  and  less 
likely  to  be  destroyed by the violent  action of the stones. Even 
to this  day many  English  millers  wet or steam the wheat.  What- 
ever good influence this may  have on the bran, it is, according to 
first  authorities, highly  detrimental to the flour, the  gluten  being 
deteriorated  by  moisture  and  losing its great  and  important  quality 
of rising  with  water  during  the baking.' 

High grinding, on the  other hand, is carried on without damp- 
ing or steaming,  and  under  lower  temperature,  and the blast or 
suction used in  the process of purifying the middlings  has also a 
drying influence ; consequently flour thus produced keeps or bakes 
better. 

None but such c c  dauermehl," that is, flour produced by  high 
grinding, could ever become a successful article of export. Of 
course all  the American export  flour is produced by  high grinding. 

The  great principle of high  grinding is the  gradual reduction of 
the grain  into flour. The process is divided  into  several  stages, 
and  the  branny particles are carefully  separated from the re- 
mainder before each further reduction,  for it is impossible to 
work on any  parts of the grain to  which  branny  particles  adhere 
without t o  some extent reducing the bran  as  well  as  the floury 
parts,  and  thereby  discolouring  the  latter. 

The  number of reductions in  high  grinding is  carried  very far 
in some Continental mills. Five or six  breaks  are, however, found 
by  the Author  sufficient in roller-mills in ordinary cases in  this 
country. 

It is evident that these  two processes cannot  be  divided  by  a 
sharp  line; in practice they merge  into each other.  Thus the 
expression,  half-high  grinding, is applied t o  a mill  working with 
a more limited  number of reductions,  say  three or four in roller- 

' Cantor Lectures. '' The Chemistry of  Bread-making." By Professor Graham, 
D.Sc. Journal of'the  Society of Arts, vol.  xxviii., 1879-80. Also Report  on flour 
in Vienna Exhibition.  (Mehl, Mehlfabricate und  die Maschinen und Apparate 
der Miillerei und Backerei.  Bericht yon Friedrioh Kick. 8ro. Wien, 1873.) 
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mills,  and it is usual  amongst  millers to speak of a miller  grinding 
higher or lower according to  the  number of reductions,  separations, 
and  purifkations employed by him. The improvements now in 
progress of introduction in  this  and  other countries  are all in  the 
direction of high  grinding, and there  is  this remarkable circum- 
stance connected with it, that such a valued  and  ancient  servant 
as the millstone is now being  rapidly  replaced by  the roller-mill, a 
machine entirely  different in principle. 

It is the  high-grinding process with roller-mills  which forms the 
principal  subject of the present  Paper. 

Even low grinding  is now being  carried  out by roller-mills,  and 
certainly  with results  superior in some respects to low grinding 
with stones. At  the same time  these  results  cannot  be compared 
with those  obtained by  high  grinding  with roller-mills, for, whereas 
the high-grinding  system,  as  practised  by the Author in a large 
number of mills,  will  give up t o  about 75 per  cent. of flour, of 
which  about one-fifth is of the highest class ; low grinding by 
rollers  will  not get  out of the  wheat more than  about 68 per cent. 
of flour, and that of a  lower  average  quality.  This, it is  true, is 
counterbalanced to some extent  by  the advantage of less machinery 
being  required, but even in roller-mills low grinding  retains most 
of its disadvantages, as compared to high grinding. The meal 
leaving the roller-mills after  a low-grinding process is disagree- 
ably hot to  the touch,  and the flour  therefore is necessarily damaged 
to some extent  in  its bread-making  qualities, the flour is less  white, 
and the percentage of superior  flour is much smaller. 

Further  by  high  grinding  the amount of flour obtained is about 
75 per cent., as  against  only  about 68 per  cent. by low grinding, 
being a difference of 7 per  cent. so obtained, or about 10 per  cent. 
less on the  total  quantity of flour produced. Irrespective  there- 
fore of the lower quality of flour produced by low grinding,  there 
is  the waste of 10 per  cent. of flour going  into the offals and  being 
sold at a loss. This loss in  the course of a year may be suffi- 
cient  to  pay  for  a complete high-grinding plant on the most 
approved  principles. In a  mill grinding 15 cwt. of wheat  per 
hour  the loss in low grinding, as against  high  grinding, may 
amount to about 23,000 a-year. 

High  grinding may also be described as that way of manufac- 
turing flour in which, by  a  gradual  reduction of the  grain,  a 
maximum of middlings  and  a  minimum of flour is first produced. 
The  middling  are afterwards  separated from the branny  parts  by 
a process called purifying.  After that  the middlings  are further 
gradually reduced to flour, and between the several  stages of 
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reduction of the middlings the process of purifying is repeated  as 
often  as necessary. 

High  grinding originated in Austria,  and  is  there  often described 
as semolina or middlings  grinding (griesmiillerei).’ The  funda- 
mental  principle is to avoid the progress of formation of flour a8 
much  as possible, as  long  as  any  bran or branny  particles, even of 
the smallest possible removable size, are present. The reason is 
self-evident,  for any action or rubbing  brought to  bear on branny 
middlings  must  necessarily  attack  both the floury  and the  branny 
Parts,  thus  reducing the  latter  in size, rendering their removal 
more difficult, and  in  the case of the very  small  particles im- 
possible, which means discolouring the flour, reducing it in market 
value,  and  leaving  indigestible  parts in it. High  grinding by 
rollers  renders it easier  to keep the bad or worthless  constituents 
of the  grain  out of the flour. By high  grinding  a  greater  variety 
of flours of different  qualities  and  value may be  obtained ; also a 
much larger percentage of white,  pure flour, and  a much smaller 
percentage of dark flour. But it is  a mistake to  identify  roller- 
milling  with  the necessity of selling  different classes of flour. 
Several of the millers for whom the Author  has  erected  mills 
make but one “straight grade ” which is of very much superior 
quality  than possibly could be produced by stones. Every  facility 
thus exists  for an  intelligent  high-grinding  miller  to  adapt  the 
products  to the different classes of his customers, and  to make those 
grades of flour out of the wheat that will bring  the most  money. 

To sum  up. Low grinding upon the whole may be said t o  pro- 
duce  comparatively  dark  and  impure  flour;  high  grinding  white 
and pure flour. The former  contains  impurities  ground up with 
the floury part of the grain. The  latter is,  as  far  as possible, 
cleaned from all  matter  out of place. Arranging low grinding  and 
high  grinding  with  its intermediate  stages at, or rather  underneath 
;the lowest  stage, is whole meal flour, whilst at  the top of the  list 
are  the finest  brands of Austrian flour, the equal t o  which are now 
produced in  this  country  by  the advanced milling process t o  be 
described. 

EVOLUTION OF ROLLER-XILLS. 

Helfenberger  and  Rollinger, in Switzerland,  constructed  roller- 
mills  as  early  as 1825. The  rolls  were of iron, smooth on their 

Interesting condensed  data on the early development in Austria of high 
grinding,  and  the several machines  used in it are to be  found in Kick: “ Die 
Xehl-Fabrication,” 2nd edition, Leipzig, 1878, pp, 294, 295. 

Downloaded by [ Heriot-Watt University Library] on [25/09/16]. Copyright © ICE Publishing, all rights reserved.



200 BIMON ON DPODERN FLOUR-MILLING. [Minutes of 

surface, but  the machine was subject to a number of constructive 
drawbacks, the elimination of which proceeded but  very slowly. 

For this reason, their application was  scarcely  more than ex- 
perimental. Their first practical use  on a large scale  took place 
at Budapest, about the  year 1839. The roller-mills then used 
were manufactured by Sulzberger, of Frauenfeld, in Switzerland,l 
for the ‘( Pester Walzmiihl  Gesellschaft.” 

They embodied already the  important principle of differential 
speed,” which consists in  driving one roller faster  than  the other. 
This company is still one of the most important in Pest. Other 
roller-mills,  on a large scale, were not established there  until 1874. 
But most of these use the stone to some extent,  to  this day, a t  
least for part of the work done in grinding. With rollers of 
equal diameter, driven at  the same  speed, the  grain or middlings 
acted upon is made into flakes or cakes, whereas, by  the differential 
speed, a kind of rubbing  or scraping action is obtained, pushing 
the particles of flour off the  bran  and over each other, thus 
separating them. It is of great importance not  to use  more pres- 
sure between the rollers than  is absolutely necessary for the dis- 
integration of the flour, as unnecessary pressure means unnecessary 
expense and power, irrespective of the  fact  that  any flakes  pro- 
duced by it must necessarily be reduced again at a further exlxmsc 
of power in  the following operations. 

Professor Eick,  in  the  new edition of his book on Flour 
Naking,” states  that, on theoretical considerations, the power 
consumed in crushing grain  by  direct pressure, that is, between 
smooth  rollers, without differential motion, is exactly double that 
required to reduce grain between fluted rollers with differential 
motion. This roughly coincides with  the  results obtained in prac- 
tice, and experiments have proved that  direct pressure, without 
differential speed,  produces about  one-third less result  than  the 
same pressure with it. 

Similar machines were afterwards made by Messrs. Escher,  Wyss, 
and Company, of Zurich. These old rollers are, to ‘some extent, 
atill a t  work in Budapest. They were expensive machines, with 
three pairs of rolls,  one pair above the  other,  the  two  parallel 
axes of each pair  lying  in a horizontal plane. The material to be 
operated upon, fell from a hopper into  the space between the 

’ “Die Mehl-Fabrication,” by Professor Kick of Prag, Leipzig, 1878. This 
at  present is the  standard book on the manufacture of flour, and  it  is much to be 
regretted that a complete translation has not been published. See also “ Popular 
Handbook on Flour-milling,” by Gustav  Pappenheim, 1878. Vienna. 
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first  pair, then  straight  through t o  the second and third,  without 
being  subjected t o  any intermediate  purifying or sifting process. 

This is wrong in principle, as those parts reduced to flour by 
the first  operation should immediately  be  withdrawn,  and  not 
undergo further  joint  treatment under the  next pair of rolls, the 
consequence of which would be  a further discoloration of the 
flour from the branny  particles  against  which they would be 
rubbed and pressed in  the following reduction. 

Irrespective, however, of this point,  which could easily  have 
been avoided, the rollers,  although  adjustable  as  far as their dis- 
tance was concerned, were during  the work kept  rigidly  in place. 
This has been found a serious drawback,  giving  rise t o  accidents 
in  the case of stones or nails  passing  through,  and  interfering, to 
a considerable degree, with  the  regularity of the work,  for the 
slightest  irregularity of feed would necessarily affect the work 
upon the material  passing through  the rollers. Greater  pressure 
would be  exerted  by the rollers with a bigger feed, less or no 
pressure with  an insufficient feed. 

It was a decided step  in advance when Mr. Friedrich  Wegmann, 
then a miller in Naples, suggested, in the year 1873, a construction 
freeing the rollers from rigid  pressure,  by  fixing the journals of 
one of the rollers in levers, on which a weight  exerted a con- 
tinuous  pressure that could easily be  regulated,  either by  the 
alteration of the weight or of its position on the lever. 

Later on others  suggested  spring-pressure  instead of weights, 
and it is  this which is now almost universally used in  the  different 
roller-mills in Europe  and in  the United  States. 

Mr. Wegmann made  one other  important  suggestion,  namely, 
the use, for  rollers, of porcelain instead of iron. These  two  altera- 
tions  together  gave  an  extraordinary  impetus  to the introduction 
of roller-mills,  and for a long time it seemed that porcelain would 
carry  the day in  taking  the place ,of iron. Several  thousand of such 
porcelain rollers,  gradually  improved  in  their mechanical details, 
have been sold, and  there  is  not  the  slightest  doubt that in some 
cases their use gives  excellent  results. It is, however, evident 
that  the surface of unglazed porcelain stands,  to some extent 
in its texture,  between that of chilled  iron and of the ordinary 
French  burrstone. The roughness of the porcelain is, of course, 
produced by small pores, each of which,  when the roller is ground 
t o  a h e  surface,  must  have cutting edges, which increase the 
rasping or rubbing  action on the particles of bran  and flour together. 
So fine are the particles of bran produced in  this way, that by no 
process *of purification or sifting can they afterwards be with- 
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drawn from the flour. Smooth chilled-iron rollers, on the contrary, 
do not reduce the branny  particles in size, but flatten  them  out 
and facilitate their  withdrawal  by  purification,  by  sifting, or by 
dressing. It must  therefore  be  maintained, and  the results of 
practice would seem to bear this  out, that similar  to the  nature of 
the surface employed, the  results produced by porcelain rollers are 
likewise  standing somewhere between those produced by stones 
.and  those produced by  chilled rollers. The  branny particles are 
doubtlessly more attacked  by  the porcelain than by the chilled 
iron; hence a  slightly  darker colour of the flour obtained,  and 
also  an increase in  the degree of heat produced during  the 
process. 

A further serious drawback to porcelain is  that it wears  away in 
a comparatively  short  time,  while  chilled  rollers  have  scarcely  ever 
ye t  been worn  out,  unless made of bad material.  Furthermore, 
porcelain rollers crack occasionally, and  get loose on the iron core 
or axis on which they have to be fixed. 

I n  these  last  two  respects they have been improved  by Mr. 
Wegmann  and his manufacturers, the mechanical works of Oerlikon, 
in Switzerland. It may  be  mentioned that  all  attempts to make 
porcelain do for the first process, namely, that of grandating  the 
grain,  have  necessarily  failed, as small  corrugations of porcelain 
cannot be made to  stand,  whereas well-made chilled  iron  corrugated, 
or finely-grooved rollers,  will  stand  severe work for  several  years, 
and can then be  easily  recut to  stand  again for another  series of 
years. The expense of recutting is small,  and,  costing only about 
158. to 20s. per  roller, is  certainly  unimportant. 

The  function of porcelain roller-mills, in such places where they 
exist,  ought to  be the reduction of the finest  middlings or semolina, 
which  contain almost no branny  particles, and  in such cases they 
give useful  results. 

In Budapest,  which  may  be considered the cradle of roller- 
milling,  and in Europe  as  by  far the most important place for it, 
the use of porcelain roller-mills  has been almost  entirely diecon- 
tinued,  and  the vexed question of the comparative  merits of porce- 
lain or iron  has been decided in favour of chilled  iron. Not one 
of the enormous establishments of that town is using porcelain 
roller-mills to any  large  extent.  The same may be said of the 
bulk of recent  establishments in other  parts of the Austrian 
empire.  Everybody uses chilled  iron. Many of these  chilled-iron 
roller-mills  are  constructed  by Ganz and Company, Limited, of 
Budapest. This firm had  for  many  years made a  speciality of 
chilled-iron  castings,  principally  railway wheels, which  were uaed 
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in the Austro-Hungarian  empire  and the neighbouring  States, with 
good results,  under the railway goods  wagons. It was natural  for 
these works to take up the successful manufacture of chilled 
rollers, in which they soon obtained  a  leading place. They have 
now sold in Europe  and America several  thousand of their rollers. 
At  the same time,  other  makers iu Austria  and  Switzerland  began 
the manufacture of roller-mills, with various  degrees of success ; 
all more or less  differing in arrangement  and mechanical detail. 

It has been said by  the advocates of porcelain rollers, that iron 
rollers communicate a  bluish  tone  to the flour, and that  the carbon 
of the iron, continually  exuding, is at  the bottom of this. As this 
idea  has  got  hold,  to  a considerable extent, of the minds of prac- 
tical l’ men, it may be  well  not to ignore it, but to refute  this 
extraordinary assertion. 

A roller,  as used, for  instance, in  the Daverio mill, which the 
Author employs  almost  exclusively in  the mills  constructed by 
him in  this country, is about 9 inches in diameter,  and  weighs 
about 1 cwt. The  quantity of carbon contained in 1 cwt. of iron 
is in itself, of course, insignificant,  and could not,  even if the chilled 
iron  surface could exude it to some degree, continue  for a long  time 
t o  spoil flour. It is, however, a  well  authenticated  fact that  in 
chilled  iron  all carbon is  in a. chemically combined state.  Dr. 
Percy, in  his work on iron  and  steel,  says The mode of exist- 
ence of carbon in iron is in great measure  determined by  the 
conditions of solidification after complete fusion, and the tempera- 
ture  at which fusion has been effected. Rapid solidification favours 
the retention of carbon in  the combined state,  and by  this means 
it is possible t o  convert  characteristic  grey  iron  into  perfectly 
white iron. Thus  by pouring  liquid grey cast  iron  into  a cold 
metallic mould, so as to cause the most sudden cooling  possible, the 
exterior of the solid iron,  where it comes in direct  contact with 
the mould, will be found to be in  the  state of white  iron,  while the 
interior  will be in  the  state of grey iron. This principle is exten- 
sively employed in practice, in  the process known as chill-casting. 
It is adopted  when it is desirable to render the surface  extremely 
hard,  white  iron  being  intensely  hard a8 compared with  grey iron.”l 
Avd  further, on speaking of the analysis he  had made of chilled 
cast iron,  he  says The  outer  white iron  had  a specific gravity 
a f  7.5467, and  contained 5.0929 per  cent. of carbon wholly in  the 
combined  state.” 

Metallurgy. “ Iron and Steel,” p. 117. 
* Ibid., p. 130. 
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The  driving of roller-mills has been attempted in different  ways. 
In   the earlier period of roller-milling it was usual to drive one 
roll  either  by  strap  or gearing, and to communicate the motion to 
the  other roll simply by contact or  by  the pressure exerted on the 
material  during grinding. It has, however, been found that  this 
was  not the  way  to obtain reliable and  regular results, as the 
thickness of the feed or  material actcd upon necessarily influences 
in  this case the  number of revolutions of the contact-driven roll. 
It is therefore now usual amongst makers of good roller-mills to 
drive both rolls by geared wheels, giving  the  latter such propor- 
tions as to obtain the exact differential speed  desired. It may 
here be stated  that for this purpose wheels with  slightly V-shaped 
teeth  give excellent results if the shape and curve of these teeth 
are  carefully  attended to. In   that  case they go quietly and 
smoothly, and wear well; no wheels on the  other  hand wear SO 
badly  as  this class if made by  rule of thumb. 

As not every one is skilful in constructing noiseless  wheel- 
gearing, it has often been attempted to do away wit,h wheels 
altogether,  and  to use belts only for driving  the rolls directly. 
The seeming smoothness and noiselessness of belt-driven rolls is 
indeed very seductive to  the looker-on, and  there is scarcely an 
important constructor of roller-mills in Europe who has not a t  one 
period tried  this device. It is, however, now well understood that 
there  are most serious objections to belt-driven rollers, and  the 
Author has  lately  had reliable reports from the United States, 
where  during  the  rapid introduction of roller-milling in  the  last 
few years a considerable number of belt-driven rolls had been 
constructed, that  the users in  the  large  mills  are sorry to  hare 
spent  their money on these machines, which  have the following 
drawbacks amongst others. 

The  ratio of differential speed is  not reliable, for with  any 
considerable increase in  the feed of such a roller-mill the  belts  are 
liable  to slip. Now in  high  grinding  everything depends on 
securing  rigid regularity  in  all  the work done in  the mill, and  the 
necessity for this has increased a hundredfold since the manu- 
facture of flour by roller-mills has been carried on in an absolutely 
automatic way. 

I n  high  grinding  in Austro-Hungary and Germany it has here- 
tofore  been usual for the miller  to exercise a continued and 
scrupulous watchfulness as  to  the looks and value of the  many 
tlifferent products obtained in this process, and as to  the  way  in 
which they have to be sorted and  drawn together to produce 
certain classes of flour. 
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At present, however, at  all events in England  and America, few 
millers  are desirous of exercising this watchfulness,  and it is now 
usual to construct the mills on the automatic  plan ; that  is  to say, 
the wheat goes in  at one end of the mill,  and the desired number 
of classes of flour and offal are  taken off at  the other end without 
that careful  supervision in  the intermediate processes which was 
formerly  absolutely necessary, but which in  an automatic plant  is 
usually  required to  a much smaller  extent,  except  for some time 
when  a  change is being made  from  one  class of wheat  to  another. 

Irrespective, however, of this grave objection to  belt-driving, 
there  are  constructive  drawbacks of nearly as important  a  nature. 
The belts, to ensure  regular work, must  be kept  very  tight; 
special  apparatus  for  tightening  them  has  to  be  applied  and  to  be 
looked after. Now tight belts in  a  fast  running machine consume 
a  great deal of power, &nd use the brasses up  very quickly. This 
again causes trouble in resetting  rolls  and expense for new  brasses. 
The  driving of rolls by belts  has  therefore upon the whole been 
discontinued in Europe. 

The number of revolutions of roller-mills vary  a good deal. 
The Author uses for smooth rollers  about  two  hundred €or the  fast 
centre  roller,  and  about one hundred  and  seventy  for the two 
slower rolls;  and for grooved rolls, according to the work, from 
one  hundred  and sixty  to about  two  hundred for the slow roll, 
with  a differential speed varying from two to  three  times  that 
number or more for the two  fast rollers. 

According to  the intended use of roller-mills the surfaces of the 
rollers are  either  left smooth or they  are grooved or fluted. 
Smooth rollers are mostly used for the reduction of semolina or 
middlings  into flour. For  the cracking of the  grain and the 
scraping of the floury parts from the inside of the bran,  fluted 
rollers are employed. 

Much variety of opinion existed in  the beginning, and to  a 
certain  degree  still exists,  as to the best  shape of grooves and 
their relative position to the centre  line of the roller. The 
claims put  in  by certain  patentees  for the advantages  which 
slightly different  shapes of grooves present, are  in most instances 
much exaggerated. The Author  has found that grooves shaped 
something  like  those shown in  Plate 7, Fig. 3, give the best results. 
The flutes with rounded edges at present used in some American 
mills  have  given bad results;  they had  long before  been tried 
and discarded in Europe,  and  are now being discarded in  the 
United  States, the Author  knowing  important cases where the 
rolls  have been thrown out and replaced by  the ordinary  sharp- 
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cornered  flute.  Indeed, anyone acquainted with  the fundamental 
principle of high  grinding must  have seen that  the grain  passing 
between  rollers provided with rounded flutes is subjected to a 
force more pertaining  to  the  nature of a squeeze, and that  in such 
a process necessarily  smaller  particles, that is to say, more break- 
flour  will  be produced than when the  grain passes between sharp- 
edged flutes. This has been proved by  practice,  and as  the 
production of flour during  the  granulating process is  the  very 
thing  to be most carefully avoided in  high  grinding,  the use of 
rounded  flutes is  rapidly  dying out. 

The number of grooves to  an  inch of roller-surface varies accord- 
ing  to  the work t o  be done by  the rollers; the best  makers use 
from ten  to twenty-five or even more  grooves to  the inch. 

With  regard to the  twist of the grooves, the angle  adopted in 
ordinary cases by  the Author is about 15O. It is, however, a 
matter of opinion whether,  for  instance, in  the first  break better 
results  are  not  obtained  by  having  the grooves parallel to  the  axis 
of the r0ller.l 

The action of a  pair of rolls with  twisted grooves is more  scissor- 
like. 

Now in  the first  break of grain  the  great object is, if possible, 
only to crack the grain of wheat across its natural crease, or 
figuratively  speaking,  to open the two  halves of the  grain  like a 
book. In this case the often  large quantity of dust  and dirt 
included in  the crease, and the germ  which is so detrimental to 
the keeping  and  baking quality of flour, fall  out  and can be 
separated by  sifting machinery. 

Similar  considerations  apply to some of the following reductions 
of the  wheat  grain, principally in such  country or neighbourhood 
where,  as in  England, a general  prejudice  exists  against  bran cut 
into small  fragments. The  English miller  desires t o  produce bran 
in large flakes, as the farmer who buys it for  feeding  purposes 
prefers it so. (In other  countries  small  bran is preferred  by the 
farmers.) This being so, the use of groves parallel to  the  axis 
might even for  bran-cleaning (i.e. the  last scraping of flour off the 
inside. of the bran) be  commendable.  One of the principal  reasons 
for the spiral position of the grooves  seems to have been the desire 
of avoiding the possibility of the grooves interlocking,  and thus 
damaging themselves in case of the rollers  approaching too near 
each other. 

1 Spirally fluted roller-mills were patented in England as early as 1850. (See 
Leggett, No. 13065.) 
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In a new and  a  particularly well-constructed machine this 
danger is of course small, so long  as the brasses do not wear 
considerably, or as the machine is carefully  and  attentively  handled. 
Grooved roller-mills  should be so constructed that  the rollers can 
never quite touch each other. 

A machine of entirely  different  construction,  which  for  a  time 
created great  interest  amongst  millers, was Carr’s well-known 
disintegrator.  Persevering  attempts to  adapt it for the production 
of flour have been made, principally by Messrs. Gibson and  Walker, 
a milling firm in Edinburgh,  but  with, as far as is known, not 
very  favourable  results. 

Mr. ToufRin, the  French licensee of the Carr  disintegrator, 
seems t o  have succeeded the best. He  is said to  wet  the  wheat 
before putting it into  the disintegrator, in order to make the bran 
tougher.  Thia is the best proof that Professor Kick is  right  in 
classing this process with low grinding, of which wetting  has, 
always been a  distinctive  feature. It is  a fact that such  per- 
centages of superior flour are  not  obtainable by  this process as by 
high  grinding. On the  other hand very clean bran,  and neces- 
sarily  as  a consequence as  large a total  quantity of 00ur is 
produced as by  any  other good milling process ; but irrespective 
of this consideration the disintegrator, as is well known, consumet3 
an exorbitant  amount of power, and consequently is expensive tu 
work. Having  to be driven at a  high speed, it creates  great  heat, 
and is looked on with suspicion by fire insurance companies. 

The disintegrator (Plate 7, Fig. 4) is  the principal machine used 
in a  milling  system  known  by  the name of the Messrs. Nagel 
and Kaemp (Hamburg).  The following is  a  short  extract of 8 

description  published  by that firm. 

NAGEL AND EAEMP’S SYSTEM. 

The machines used are :- 
(l.) Chilled-iron roller-mills, the rolls of which work a t  equal 

speeds or without  differential motion, the surfaces  being smooth. 
The pressure of the rolls one upon another  may  be  regulated by 
an arrangement of a  lever  and  springs. 

(2.) Dismembrators, which are machines closely allied to the 
disintegrator  type,  and  containing  within  a cast-iron chamber two 
disks  fitted with concentric rows of steel  pins, one of these  disks 
being fixed in  the machine, and the  other being keyed upon a 
shaft  which revolves at B greater or less speed according to  the 
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nature of the material upon which the machine  has to  operate. 
The pins or pegs of the respective  disks overlap one another, so 
that  any material  entering  the centre of the  standing disk,  and 
driven thence t o  the periphery by  the centrifugal force exerted by 
the  running disk,  must pass between the several rows of pins. 
These  machines  are made in two forms, one being the so-called 

single  dismembrator,”  and the other the ‘‘ double dismembrator.” 
The difference between the two consists in  the former machine 
containing  two  disks, as described above, whilst  the  latter has  two 
6xed disks, and  a movable or revolving one working  between 
them, the central  disk  being  fitted  with  pins on each side, which 
overlap those of the standing  disk,  thus  forming,  as it were, two 
distinct machines within one  case. No communication being  held 
between the two sides, two  different  assortments,  as  for  instance, 
wheat  and  bran, or middlings  and  tailings, may be operated upon 
at one and the same time  without  the separate  products coming 
into  contact with one another in any way. Their  dismembrator ” 

suns at three  thousand  revolutions  per  minute. 
(3.) Centrifugal  dressing  machines.-Within a  horizontal  and 

slowly  revolving  cylindrical  frame, covered with perforated zinc, 
wire  or  silk gauze, is  a  revolving  shaft  fitted with curved  beaters, 
which  throw the material  against the covering of the cylinder, 
thereby effecting the required  separation of flour, middlings  and 
offals. 
(4.) Purijiers for midd1ings.-The wheat  after  being cleaned is, 

according to the most improved  method, passed between fluted 
rolls, with a view  to  opening the crease of the wheat  and 
enabling  the blue flour and  dust  to be separated from the grain 
before the actual  reduction of the  latter commences  on the smooth 
rolls. The separation of the blue flour being accomplished, the 
wheat passes directly t o  the first smooth roller-mill,  where it is 
.simply  crushed,  and passes directly  afterwards t o  a dismembrator, 
where the crushed  particles become separated from one another by 
the action of the pins or pegs. 

Hence they go to  the dressing machines, and are separated  into 
flour, middlings,  and offals, the  great bulk of the  latter being 
discharged in  the form of heavy  bran. The heavy  bran passes 
directly to  its own smooth roller-mill, whence, after  being crushed, 
it enters a dismembrator below, and  after passing  through  a  filter, 
finds its way to a second set of dressing machines. The bran is 
discharged from these machines in a completely finished condition, 
as also a small  percentage of flour. 

The middlings  which  have been produced by the above opera- 

Downloaded by [ Heriot-Watt University Library] on [25/09/16]. Copyright © ICE Publishing, all rights reserved.



Proceedings.] 6IMON ON MODERN  FLOUR-MILLING. 209 

tions  are sized and purified, and pass to  their own rollers,  dismem- 
brators, and dressing machines. The  tailings from this process, or 
such of them as may be of value, are again purified, and pass to 
their own roller-mill, dismembrator, and dressing machines, and 
thus  the reduction of the  grain  is completed. 

The use of smooth rollers  without differential speed  seem8 a 
mistake, for their action necessarily consolidates the flour into 
flakes, and  the mechanical work spent on this has to be undone 
again by the mechanical work of the dismembrator. 

ADVANTAGES OF ROLLER-MILLS OVER STONES. 

The  principal advantage of roller-milling is that  the bran or 
husk, and  the germ of the  grain,  are flattened out by  the action of 
rolling,  and can consequently easily be sifted out by proper 
application of dressing machinery. This advantage  cannot be 
over-estimated, seeing the  detrimental action which both  bran  and 
germ  have on the keeping and baking  qualities of flour. Where 
the oily germ is ground up with  the semolina, the flour easily gets 
musty when  kept. Such flour is therefore totally  unfit for 
export. 

It is stated  that from the germ contained in 1 cwt. of wheat 
nearly 1 lb. of oil can  be  extracted. As to  the removal of this 
deleterious body, Frofessor Eick  stated, in 1871, in his work on the 
manufacture of flour, that  during  the  grinding process there  are 
obtained certain classes of middlings  containing from 30 to 40 per 
cent. of germ. If one lets such middlings pass through rollers set 
to  the proper distance, these tough germs are only  flattened  whilst 
the middlings are crushed, and it is then easy to remove them  by 
dressing machinery. 

Of course, this oily or  fatty substance is of considerable value as 
an  article of  food, but it should for the reason stated  not be eaten 
by man, but  after being  separated from the  grain, be sold for 
cattle,  and  this is now done by many  millers  either  separately  or 
in  the bran. Although the removal of the germ is innate  and 
inseparable from the use of roller-mills combined with dressing 
machinery, it has nevertheless, many  years after  the above quota- 
tion from  Professor  Kick's  book,  been made the subject of a patent 
in  this country, and  this question is a t  present  exciting consider- 
able  interest,  and  has been taken up by  the National Association 
of British  and  Irish Millers. 

The rough  and extended surfaces of the stones necessarily attack 
the  husk  and  germ of the  grain  during its passage much more 
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than it can possibly be attacked  by  the merely momentary contact 
of the smooth surfaces of the rollers. The action of the rollers 
resembles a, squeeze, unlike  the more protracted rubbing action 
which the  grain undergoes during  the passage between and across 
the faces of the stones, and which detaches from the outside of the 
grain  an  infinite  number of small  particles of bran. These, after 
once having got into  the flour can, in no possible way, be got  out 
again. On the  other  hand roller-mills flatten the germ and even 
very small particles of bran, and render them  all  the easier to dress 
out  by  the following operation. This is one of the  principal 
reasons why flour produced by good roller-mills is so much whiter 
than  that ordinarily produced from the same wheat by stones. 
Furthermore  the longer treatment or  friction or pressure between 
stones increases the  heat, even in high  grinding by stones, to a 
much greater degree than  in  high  grinding  by rollers. For these 
reasons no  rough surface of any  kind should be used for the 
grinding of middlings, for to one of their sides a part of the husk 
of the  grain almost always adheres, which in  regrinding between 
rough surfaces is attacked simultaneously with  the floury paTts 
and more or less rasped to pieces. It is this consideration 
which lies at  the bottom of the  fact  that even porcelain rollers 
are  getting  out of fashion and  are  no longer used in Budapest, 
the porcelain surface standing  as it were somewhere between the 
millstone and  the smooth chilled-iron surface of the present roller- 
mill. 

In the old stone  mill a serious expense was occasioned by  the 
necessity of redressing the surface of the stones. This  is necessary, 
say every ten  to fifteen days, when a t  work day  and  night.  The 
expense for performing this operation is  stated  to be about $15 per 
annum  per  pair of stones. 

The  artisans doing this  kind of work are  highly paid men. So 
important is this expense that one of the most extensive practical 
millers of this country, in conversation with  the Author, main- 
tained that,  in  the case of a firm with sufficient capital, the 
replacing of his whole  old-fashioned stone-mill machinery by a 
modern roller-mill plant  might be considered to  cost nothing, for 
the expense saved in stone-dressing is sufficient to pay  interest on 
the capital required for  the operation. This seeming paradox 
tallies  very  nearly  with  the  facts ascertained in several mills built 
by the Author, the  total cost of which, including erection, 
amounted to $2,500 sterling,  and the saving in stone-dressing 
being said by  the owners to  amount  to about S2 108. per week, 
being at  the  rate of about 5 per cent. interest on the  capital 
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invested. But  this circumstance is almost insignificant in com- 
parison with  the otherwise largely improved results in  the  quality 
of the flour  produced by a sound roller-milling system. The 
following Table  taken from actual work in one of the mills con- 
structed by the Author  will serve to prove this assertion. It 
shows reports of four different grists,  three of them  by roller-mills 
and one by stones, the  latter obtained in  the same mill before it 
was  altered  by  the Author. It may be added that the mill in 
question  was considered  one of the best conducted stone mills in 
Ireland.  The  three roller-mill grists were likewise obtained in 
the ordinary course of business, and not with  any special  care. 
The stone-mill grist is one of the best ever obtained. A compari- 
son, therefore under such conditions between the two classes will 
be less favourable to  the roller-mills than if compared with stone- 
flour  from ordinary  average mills. Nevertheless, it will  be noticed 
that  the amount of money realised by  the roller system in  grist 
No. 1 amounts to S73 16s. 6d. as  against S66 148. 6d. in  the case 
of grist No. 4 of the stone-mill; that is an  extra profit of 
S7 2s. in  the conversion of 100 cwt. of wheat into flour. In the 
case of grist No. 2 the  extra profit is S7 12s., in  the ca8e of 
No. 3 58  10s. The average  therefore is equal to S7 15s. extra 
profit in every 5 tons of wheat  ground, or 5s. on every sack of flour 
produced by the Author's system.' 

l . - R ~ l l ~ - N i l l .  

i 
2,165 cwt. No. 2 Spring. 
1,8124 ,, White Australian. 

8,3174 cwt. uncleaned  wheat,  consisting  of 750 ,, Taganrog. 
750 ,, Red  Winter. 

2,840 ,, Irish. 

No. 00 Patent Siper cent., at 1 1 0 
t. S. d. 2. S. d. . . .  8 1 8  6 

,, 0 Patent . . .  14 ,, ,, 0 19 6 13 13 0 
,, I. . . . . .  40 ,, ,, 0 18 0 36 0 0 
, , , I I .  . . . . .  6 ,, .. 015 G 4 1 3  0 

Inferiors . . . . .  4 ,, .. 0 11 G 2 6 0  
Bran . . . . . .  10 ,, .. 0 6 0 3 0 0  
Pollard . . . .  16 ,, .. 0 G G 5 4 0  
Tailings (wheat) . . 4 9, , , 0 4 0  0 2 0  
Waste . . . . . .  1 ,,  ,, .. 

-- 
100 cwt.  $73  16 6 

This is the ordinary  work  for two months without any special  attention. 
- 

P 2  
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What this means will be understood when it is borne in mind 
that from Is. to 2s. is said to be an ordinary  average profit per 
sack of flour. 

With regard to  manual labour a considerable saving is effected 
by  the roller-mill system if worked automatically. All that  in 
such cases is requisite is men to  watch  the equal feed of the 
rollers, and  to  take off the finished products at  the end. A roller- 
mill on the automatic  system, with a capacity of, say, 40 cwt. of 
wheat  per hour, should take no more than  two or three men to 

2.-Roller-MilE. 
Trial of 250 cwt. Uncleaned  Western  Winter,  and 125 cwt. Uncleaned  Irish. 

No. 00 Patent 4 per cent., a t  1 1 0 
d. S. d. d. 8. d. . . .  4 4 0  

, , K  . . . . .  3 ,, ,, 0 1 5  6 2 6 6  
.. I. . . . . .  63 . . . .  0 1 8  6 58 5 6 

Inferiors . . . . .  2 . . . .  0 11 6 1 3 0  
Bran . . . . . .  10 .. ,, 0 6 0 3 0 0  
Pollard . . . . .  15 ,, ,, 0 6 6 4 1 7  6 
Tailings  (wheat). . .  3 ,, ,, 0 4 0 0 1 2  0 

$74 S 6 
- 
100 cwt. 

-- 

Ground in the  ordinary course of the mill,  with special attention at  the rolls. 

3.-Roller-Mill. 
Trial of 250 cwt. Cleaned Southern  Winter Wheat (straight run). 

d. S. d. 
Prime flour “straight” . 70 per cent., at  0 18 6 

S. S. d. 
64 15 0 

Inferiors . . . . .  4 ,, ,, 0 11 6 2 6 0  

Pollard . . . . .  15 ,, ,, 0 6 6 4 1 7  6 

100 cwt. $75 4 6 

Bran . . . . . .  11 ,, .. 0 6 0 3 6 0  

- L.- 

- -- 
Ground  with very special  care and carefully re-purified. 
The 70 per cent. prime flour was baked  with  and found fully  equal  to a brand 

which is considered the best  stone-mill flour in  the United Kingdom. 

4.-Stone-Mill. 
Trial of 375 cwt. of Prime No. 1 Spring Wheat, unclemed. 

d. S. d .  
No. I. . . . . . .  60 per cent., at  0 16 6 49 10 0 

S. S. d .  

, , K .  . . . . .  9 ,, ,, 0 1 5  6 6 1 9  6 
Inferiors . . . . .  4 ,, ,. 0 11 6 2 6 0  
Bran . . . . . .  15 ,, .. 0 6 0 4 1 0  0 
Pollard . . . . .  10 ,, ,, 0 6 6 3 5 0  
Waste . . . . . .  1 ,, ,, .. 
Tailings (wheat) . . .  1 ,, ,, 0 4 0 0 4 0  

100 cwt. $66 14 6 

.. 
- -- 
- 
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work it. A stone-mill of corresponding size would require four 
or five  men,  besides the stone-dresser. 

AS to non-automatic roller-mills the Author has  the  authority 
of a miller, intimately acquainted with  the best English  and  Irish 
milling processes, who considers that there  is no saving of hand- 
labour in such a mill  as compared with first-class  stone-mills 
producing the best quality of flour. His opinion is that  the  great 
advantage of roller-mills lies  in  the superior qualit,y and value of 
the flour, as compared with these  qualities produced in ordinary, 
or even first-class,  stone-mills  from the same  materials.’ 

A further advantage of roller-mills over stone-mills lies in  the 
fact that  they  are much less liable  to disastrous explosions and 
consequent destruction of life and  property  than stone-mills. Any 
pair of stones running empty is liable to  strike  sparks,  and if the 
air surrounding the stone is laden with  very fine and impalpable 
flour dust. as is mostly the case, an explosion is almost certain to  
follow, and  to extend sometimes to  very  great distances through 
the connections of the different machines, and  into  the  stive room. 
Any  empty  running roller-mill, however, is not  likely  to  strike 
sparks,  and  the  principal cause of the explosions and conflagrations 
is thus removed. That this is so is supported by  the  fact  that fire 
insurance companies are  already  making  material reductions in 
their  rates  in case  of mills using a pure roller-mill system, i.e., no 
stones whatever, and  having  all  their wheat-cleaning machinery 
outside the mill.  Rolldr-mills,  moreover, require much less space 
than stone-mills, and  this  in most  cases is of great importance, 
especially in  English towns. It may be said that a building con- 
taining a good average stone-mill plant,  as heretofore in me, can 
be made to  turn out from  one-and-a-half to double the  quantity of 
flour by a well-considered roller-mill plant. 

POWER REQUIRED. 

Mr. Otto Mueller, of Budapest, a first-class authority on, and 
constructor of, steam engines, states  that  in  Hungarian roller-mills 
the  quantity of wheat ground per indicated HP. per  day of twenty- 
four hours, varies from about 2 . 7  to 5 . 5  cwt. ; also that  with 
stones the  quantity of wheat was  equal to 3.15 cwt. 

Roller-mills therefore show an  output of from about  minus 19 to 
plus 75 per cent., that is a larger average  output, and this notwith- 

1 A recent  article on “The Flour Mills of Minneapolis,” in The Times of 
February 3rd, 1582, corroborates this on the  authority of Governor Washburn, 
who declares “ that he can produce as fine flour from No. 3 or 4 wheats as was 
formerly obtained from No. 1 or 2.” 
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standing  the  fact of there being in Budapest a great  many old- 
fashioned roller-mills in use, in which  nothing has been done for 
relieving and reducing pressure and friction. I n  the modified  or 
simplified roller process of the Author, the dressing machines are 
much improved on what exists in  the old mills i n  Budapest, 
besides their  number being considerably reduced. The power 
therefore  required per cwt. of wheat ground is considerably less. 

I n  a mill erected by  the Author a t  Tadcaster near Leeds, and 
capable of grinding 15 cwt. of wheat per hour, the  turbine  driving 
the machinery  was measured to  exert 30.17 HP. with  full water. 
This gives about cwt. of wheat ground per  hour for each 
indicated HP. 

A complete roller-mill plant of the same  size has been erected 
for Rlr. Ashby of Croydon, and is driven by steam.  Mr. Ashby 
gives the HP. consumed as 50, including, however,  one pair of 
stones or, say, 3 HP. per cwt. of wheat ground per hour. In  a 
similar mill, which belongs to  the Messrs. Shackleton, a t  Carlow in 
Ireland,  driven by water, the HP. is equal to 35 to 40. The 
increase in power in  this  latter  mill is explained by a less favour- 
able and more roundabout way of transmitting  the power  from the 
old wheel to  the new machinery, and  in  the case of the mill a t  
Croydon by  the  fact of a pair of stones being included. Never- 
theless  these  results confirm  each other  fairly considering the 
comparatively small size of the mills. , 

These three together would therefore  give an average of, in 
round numbers, 24 HP. per cwt. of wheat ground, or, say, 45 lbs. 
per HP., which, compared with  the  Hungarian  results, shows a great 
difference in favour of the roller-mill system used by the Author. 
This is easily explained by  the reasons stated above, and  by  the 
special construction of the three-high roller-mill used in  this system 
in which friction is to a great  extent successfully  overcome,  also 
by the reduced number and improved construction of centrifugal 
dressing machines employed, which consume  less  power than  the 
immense number of old-fashioned long silk-reels still  in use in 
Hungary? 

1 Recent  trials with  the  indicator made in two roller-mills  established on Mr. 
Simon’s system,  and  grinding  about 50 cwt. of wheat  per hour,  confirm the  fact 
that 1 HP. per hour  will grind  nearly 3 cwt. of wheat. In one of the  mills  in 
question,  recently  altered from stone-milling to Simon’s roller-milling system, 
while  the  quantity of flour under the old system was  between eight  and  nine 
sacks per  hour, it  has increased  to  eleven  to  twelve  sacks  per hour, the  quality 
being of course superior. At  the same time  the weekly  coal bill  has  been 
reduced  by  about $1 sterling. 
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INTRODUCTION OF ROLLER-MILLING IN ENGLAND. 
One of the first to attempt  the introduction of roller-milling on 

a large scale in  England was Mr. G.  A. Buchholz, $he inventor of 
a considerable number of machines for decorticating or hulling, 
and  grinding ffour.  Messrs. J. Fison and Co. of Ipswich, intro- 
duced  Mr.  Buchholz’s first mode  of semolina grinding  in 1862. 
They  report  that it was worked for a few years and  then given 
UP entirely,  excepting a hulling-machine which is still used occa- 
sionally for cleaning wheat. Mr. J. Stannard of Nayland, near 
Colchester,  commenced working Buchholz’s system in 1871, and 
ceased doing so in 1872, discarding all  the machinery of the  plant 
except two smooth roller-mills which he used  for  semolina after 
it had once  been ground by stones. The reason for this seems to 
have been that  the mode  of adjusting  the  rolls was imperfect. 
There were six  pairs of rolls in one frame  about 6 feet high. The 
flour was not regular  in  quality.  The  bran chopped up  and was 
not liked by  the farmers. 

Mr. Stannard got  about 30 per cent. of superior flour  from  fine 
red wheat,  which sold in London at  2s. to 3s. per quarter under the 
finest Hungarian. He also made some intermediate flour, and  fully 
20 per cent. of bran flour, for which at  that  time no market 
existed either  in Colchester or London. The  bran flour was made 
by stones.  Messrs. Baker  Brothers of Bristol erected a somewhat 
similar plant.’ Attempts  with similar, or worse, results were also 
made at  Liverpool,  Glasgow,  Cork, and one or two other places. 

. These entire  or  partial  failures created no small prejudice amongst 
millers in  this country, and delayed t,he introduction of improved 
machinery which  began to be offered by milling  engineers a few 
years  later. 

Mr.  Oexle introduced the  Hungarian milling process in 1868 in 
the  North Shore Mills, Liverpool, and somewhat later  in  the mills 
of Messrs.  Davidson and Sons of Newcastle, along with rollers for 
crushing middlings. A more  complete roller process was  intro- 
duced by  the same gentleman at  the Tradestone Mills in Glasgow 
in 1873. The first real impetus, however, to a general use of roller- 
mills in  this country  was doubtlessly given by Mr. Wegmann’s 
porcelain roller-miLL2 

Until  the  advent of this machine the ordinary British  miller 

Institution of Mechanical Engineers.  Proceedings, 1872, p. 225. 
2 More about the history of milling in England can be  read in the “ Miller ” of 

March 5th, 1877, and following numbers. 
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considered middlings as a kind of drug  in  the market. Great, 
therefore,  and rapid  was the success of the porcelain roller when 
it was shown, by  its  introducer, Mr.  Oexle, that excellent flour 
could be made  .from middlings, the  branny  part being flattened out 
by  the rollers and dressed afterwards by purifiers. 

Mr. T. Richardson of Bishopwearmouth Steam Mills, Sunderland, 
President of the National Association of British  and  Irish Millers, 
in a Paper read in 1881, “ On the  Treatment of Middlings,” said, 
‘6 We  are now getting a useful flour  from  stuff that used to go to 
the pigs, and it looks better  after purifying and  rolling  than it 
did before.” 

The system advocated by  the Author was introduced in  England 
on an experimental scale in 1877, in  the mills of  Messrs. McDougall 
Brothers of Manchester. Its success was so decided that  this firm 
gradually extended their  roller-plant,  until  in  the  two following 
years rollers had entirely replaced stones.  More than seventy 
roller-mills have been supplied to them, besides dressing and  puri- 
fying machinery. Encouraged by  this  result  the Author accepted 
the  invitation of the Council of the National Association of British 
and  Irish Millers, to read a Paper ‘‘ On Roller-milling,” a t  their 
first  annual meeting in  June 1879.  Some of the assertions and 
predictions then made were considered very bold, but  they have 
now become  almost universally recognised truisms. Since that 
Paper was read, and since the  Kilburn Exhibition of 1879, the 
application and development of the system  has been steadily 
carried on, and its details perfected and adapted to  the require- 
ments of this  country  by  practical experiments on an extensive 
scale. The satisfactory character of the  results  are best  attested 
by  the fact  that  the system in question has now been introduced, 
more or less in its entirety,  into twenty-five  English, Scotch and 
Irish mills, and that,  after  practical experience of these satisfactory 
results,  several of the millers who first established such roller-mills 
have proved their satisfaction and confidence by duplicating, and 
even triplicating  the  plants  originally erected and worked for 
periods varying from  one to  two years. Some  of the  millers  are 
still using  the previously-existing stones for doing part of the 
work ; but  by  far  thc  larger numbers are working exclusively with 
chilled-iron Daverio rollers;  but  several of those who began by 
only  executing part of the process by rollers have, after seeing 
the superior results obtained by them,  thrown out  entirely  the 
remainder of their stones. The number of secondhand millstones 
and appurtenances for sale in  England is consequently considerable 
and  daily increasing. Porcelain roller-mills are beginning to share 
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a similar fate. In  some of the mills built  by  the Author porce- 
lain rollers are being put aside or sold in favour of the Daverio 
roller-mill with chilled iron. 

The fundamental principles of this process are  the following :- 
First. Gradual reduction of the wheat by fluted rollers with 

sharp corrugations. 
Secondly. Cleaning of the  bran by fine fluted rollers, all  with 

differential speed. 
Thirdly. Gradual reduction of the semolina principally  by smooth 

rollers, or in some  cases by fine fluted rollers. There  is  little ob- 
jection  to use already-existing  pairs of stones for the reduction 
of certain  kinds of the cleanest and best middlings. 

The best flour obtained during  this process is that made by re- 
grinding  the purest middlings. The best  granulation is therefore 
necessarily that which produces the most middlings and the  least 
direct or break flour, that is,  flour obtained unwillingly during  the 
several g r a d a t i n g  breaks  or reductions given to  the  grain  by  the 
fluted rollers. 

It may here be mentioned that  an American inventor recently 
re-introduced in  Europe  the exploded idea of using rounded corru- 
gations  or flutings. A large number of his rolls were adopted by 
American millers, but  many of these are being changed for rollers 
with sharp-covered  flutes.  Necessarily, a roller with rounded flutes 
squeezes  more and produces  more break flour, hence its unsuitable- 
ness  for '' griesmiillerei '' or semolina grinding. 

Before proceeding further, it will be necessary to describe  some- 
what  in  detail  the  principal machinery used in  this process. 

DAVERIO-SIMON ROLLER-MILL. 

It is now usual to construct roller-mills to contain two  pairs of 
rolls in one frame, with  all four rolls arranged in a horizontal plane. 
These  four rollers of course give two grinding surfaces. Now, the 
idea  presented  itself of using only three  rollers instead of four, 
placing them  vertically one  above the other,  and  this idea was 
carried out  by Mr.  Daverio, of Zurich. Two grinding surfaces are 
thus obtained with  three rollers, and consequently with  six journals 
only instead of eight. A large saving in power by  the elimination 
of one roller  out of four is self-evident. But it is even much larger 
than appears at first thought, for the pressure of the top and bottom 
rollers being  equal and exerted from opposite  sides against the 
middle roller, it follows that  the friction of the two  journals of this 
roller is almost entirely annihilated  or counterbalanced. There 
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remains therefore virtually only the  friction of the top and bottom 
journals, namely, other  things being  equal, the friction in good 
three-roller-mills is, by these circumstances,  reduced to about 
one-half that of four-roller  mills. There arose, however, a'serious 
difficulty. It was found that no good effect is obtained by  letting 
the  grain  or semolina undergo two consecutive operations in  the 
same roller mill  without intermediate purification. An apparatus 
had  therefore  to be contrived to divide the material put  into  the 
hopper to be ground into  two different streams, one of which should 
pass between the top and centre roller, and  the  other between the 
centre  and bottom roller. Several devices were tried ineffectually, 
until finally Mr. Daverio hit upon the idea of employing what may 
be called a cross-channel  piece (Plate 7, Fig. l), which allows the 
material  ground between the  top  and centre rollers to  fall down 
past  the  two lower rollers, and  which conducts the material to be 
ground between the  centre  and bottom rollers,  across  or through  this 
stream of ground  material into  the desired place between the two 
lower rollers. With  the application of this device the manufacture 
of three-high rollers became  possible and successful. But another 
step remained to be achieved, namely, the  further reduction of friction 
or power  consumed for driving these mills. In  this respect again, 
it is  the  three-high  or trio-roller-mill which bears off the palm. The 
contrivance employed by Messrs. Ganz and Co., who also manufacture 
roller-mills,  consists in placing upon the  shafts of the top and 
bottom rollers on each side of the frame a small ring on which a 
large  strong hoop is sprung so as  to embrace the  two  rings  with 
the  requisite pressure, while they cause the hoop to revolve by 
their  rotation ; and it is intended  thus, to some extent,  to relieve the 
friction of the bearings, but it would  seem that  this  way of  effect- 
ing  the object is not of much  practical use. The hoops in question, 
owing to  their  great diameter, must have an undesirable degree of 
elasticity,  which  must  stand in  the way of their  relieving  the 
pressure ; and  they  are, moreover, themselves continually subjected 
t o  a regular  and  uninterrupted cold-rolling process, not  unlike that 
employed by engineers for rolling, i.e., lengthening, railway tires 
and hoops. The  deterioration in a limited period of these continu- 
ally cold-rolled rings cannot be doubtful, and  with  this  their 
usefulness of course  decreased. In  the Daverio mill  this problem 
is solved in  an  entirely different way. It carries the journals of 
the  upper  and lower rollers in bearings A A (Plate 7, Fig. 5) ,  
forming part of the bell-crank levers B B, which have their 
fulcrums at  C C. The pressure of the swing-rollers in these 
bearings is taken  up  by  the friction-rollers DD, and transferred 
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to  the small pins EE, upon which they revolve.  Supposing, for 
instance,  the diameter of the rollers D D to be six  times as large 
as the diameter of the pins E E, then  the power required to over- 
come the  frictional resistance between the said roller and its pin 
will be only one-sixth part of the power that would otherwise be 
necessary  for  overcoming the friction between the journal  and its 
brasses. The brasses shown in  the sectional view serve prin- 
cipally to prevent lateral play of the journals, and  are  cut  away 
to allow the friction rollers to come in contact with  the journals. 
This arrangement  therefore further reduces the friction very con- 
siderably, and  this explains the low  amount of power required 
for driving Daverio mills. This arrangement  has other  great 
practical advantages. The centre roller is fixed by  set screws, 
once  for all at  the works. The necessary  motion in  the vertical 
sense of the  top  and bottom  rollers, both for setting them horizontal 
and  regulating  their pressure on the  centre roller, is achieved by 
means of the  two  springs, T T, and  the hand-wheels U U. The 
lever V, serves for instantaneously  increasing the distance between 
the rollers by simply putting it down, and  thus  the difficulty in 
starting often experienced in  other roller-mills, owing to a wedge 
of material having formed between the rolls, is  perfectly  and easily 
overcome. This lever  is an advantage possessed by  the Daverio 
mill over  others. By it the distance between the rolls can be 
altered  whilst  the  mill  is working without  taking  the pressure off; 
thus  the pressure is  independent of a regular feed, and an  irre- 
gularly  distributed feed  does not affect the position of the rolls ; 
whereas, in  other mills, if less  feed  goes in on one side the rolls 
close in and touch on that side, wear  irregularly,  and  give  an 
irregular product. Any sudden cessation of feed  causes a shock 
to the rolls, which this hand-lever entirely prevents. 

The  friction rollers are almost as important on  account of the 
services they render in lubricating the journals as in reducing the 
friction. They oil the journals continuously and self-actingly, and 
running  in closed  boxes, a great  saving  in oil results. Where the 
friction roller is above the journal others are provided  below it to do 
the lubrication. This saves  power,  besides ensuring  immunity from 
hot bearings, and 1ess.care and  attention  are necessary in working. 
Another  advantage of the  three-high roller-mills is the much 
smaller floor-space required in comparison to  all others. One of 
these mills, for instance, occupies an area of only 32 by 20 inches, 
and its small  weight, 18 cwt.,  moreover,  allows of its being placed 
on any floor, even in  lofty buildings of light construction. 

For  the reduction of semolina into flour, roller-mills oomposed of 
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smooth rollers are employed, but  other rollers are necessary when 
it is desired to  carry out the whole grinding process by rollers 
exclusively. In that case it is necessary at certain stages of the 
process to use fluted rollers of different degrees of fineness. The 
section of rollers ordinarily used for this purpose is shown in  Plate 
7, Fig. 3, and differential  speed must be  employed. The grooves 
or  flutings  are  put on with a twist  like  the grooves in a gun. 
Rifled rollers might therefore be an appropriate name for them. 
The effect of the  twist is that  the grooves of one roller cannot 
catch within those of the  other, even when close together,  but 
those of the quicker speeded roller continually overtake those of 
the  other one, producing an action which would  be a kind of shear- 
ing if the rollers really touched each other ; but  this not being the 
case, it really consists in  twisting  the  parts of the  grain against 
each other, the  sharp corners of the flutings  holding the outside of 
the  grain fast, and, as it were, pushing the opposite  sides of each 
grain  in opposite directions, thus opening them  and disintegrating 
their contents. Such rifled rollers last for years  without  sharpening 
or  grinding. 

DRESSING-MACHINERY. 

The ordinary silk dressing-reels may, of course, be used in con- 
nection with roller-mills7 as they still are almost everywhere in 
the United  States,  where only lately has the use of the so-called 
“ centrifugals ” spread to some extent. In England  the introduction 
of centrifugal dressing-machines during  the  last few  years marched 
abreast with  the introduction of roller-mills. Plate 7, Fig. 2, 
shows the section of one  class of these machines, as used in  the 
Author’s roller-milling system. 

This is called a combined wire and  silk centrifugal. The principal 
part of all  centrifugals consists of a slowly rotating cylinder silk, 
inside which a number of wings  or  beaters  rotate in  the same 
direction, but  at a quicker rate.  The object of these inner beaters 
is to raise the material let  into  the machine, and  throw  it,  in a 
gentle cloud, as evenly as possible, all over the surface of the outer 
cylinder. By rotating  the outer  silk  cylinder a fresh surface is 
continually presented to  the material thrown  by  the beaters, and 
this ensures more equal  wear and  tear of the silk. The  great 
advantages of the centrifugal machines over the ordinary. cylinders 
of silk consist in  their  turning  out a much larger  quantity of im- 
proved work, and in taking less  space than  the ordinary slow-going 
silk reel heretofore in use. The action of the beaters is, moreover, 
very useful in cases where the  material,  having passed through  the 
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roller-mill, has become flaky or  caked. It is then  disintegrated 
before touching the  silk, and consequently passes through more 
easily. In dressing branny material, the action of the beaters is 
again useful in detaching  many parts from the  bran, which, in  an 
ordinary dressing-cylinder, would remain adhering to it. The 
more energetic action of the  centrifugals permits of finer silks being 
used, and the flour is therefore whiter and freer from impurities. 
With  the ordinary  silk reel, the numbers of silk used are from 
No. 9 Swiss silk  to No. 13, or one hundred to one hundred and 
thirty-four meshes per inch. I n  very few instances are  finer 
numbers used upon reels. With  the  centrifugal, on the  other 
hand, the numbers vary from No. 12 to No. 16, or even No. 17  
Swiss silk, that is,  from  one hundred and twenty-four to one 
hundred  and  seventy meshes per inch, and only in  using damp 
English wheat, the flour  from which is softer and more  difficult to 
dress, is it necessary to use, upon some of the centrifugals, si lks  as 
coarse as No. 9, or  one hundred meshes per inch. 

Much depends upon the dimensions given to  the machines, and 
upon the shape, size, and position.of the inside beaters. A great 
many  centrifugals  create wind-pressure, which  interferes  with the 
dressing, and is not desirable for other reasons. Others throw  the 
flour against the silk in lumps, and large  quantities at  the same 
time. I n  most centrifugals  the  inner beaters are  put on helically, 
and by  their rotation transport  the flour, during  the dressing 
process,  from the  inlet of the machine at one end towards the 
outlet  at  the  other end.  Numberless are  the  patents for  different 
shapes and positions of these beaters. A great many beaters are 
solid  blades of  wood or iron. In  the machines  used by  the Author, 
the beaters are  parallel  to  the  axis of the machine, and  cut  into a 
series of narrow radial fingers or  blades,  each of which has a skew 
twist  at  the end. 

The advantages of this arrangement  are that these beaters oppose 
less surface to  the  air, which to some extent can  pass between the 
different finger-like blades ; consequently less wind-pressure is 
created than  in  the other centrifugals. Furthermore, each single 
finger-blade throws the flour in smaller quantities a t  a time, and 
in a more gentle  and cloudlike way, towards the outer  dressing 
cylinder. 

This  apparatus  is generally enclosed in a wooden  box, which, in 
its lower part, is divided into compartments. The dressing silk on 
the  outer cylinder  is composed of two, three,  or  four different 
pieces of silk of different  fineness,  each of which  may dress into 
one compartment. I n  many cases, at  the bottom of the box a 
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worm is placed, for transporting  the flour out of the machine. 
Sometimes it is advantageous to  put  two worms,  one over the 
other, separated by a partition  with slides, so that, according to 
the different products obtained from different classes of wheat, by 
the opening or closing of a slide at  a convenient point, one part of 
the product  may be drawn  to  the  left,  the  other  to  the  right,  and 
thus separated and  drawn  into different classes of flour. A centri- 
fugal dressing-machine, which by  its construction produces a 
tangible amount of wind-pressure, injures  the  quality of the flour 
by pressing branny particles through  the  silk,  as small particles of 
bran  in  that case may be forced through  the  silk along with  the 
flour. The  particular construction of the beaters  here described 
allows of their being  driven with  safety  at a comparatively high 
speed. Good numbers of revolution are two  hundred to  two 
hundred and  fifty for the beaters, and about twenty for the  outer 
cylinder. At  the same time, the number of such beaters may be 
small ; it varies in  the machines used by  the Author from three 
to  eight. 

Such machines, under 80 inches in length, dress better  than  the 
usual old-fashioned plain  reel of three times that  length, and no 
more  power is required. 

Each machine is driven by one belt only. I n  order to prevent 
the excessive wear of silk, the construction of the machine is 
specially adapted to suit  the different classes of material. They 
are made of the following kinds :- 

l. All silk flour-dressing-machine. 
2. All  wire scalping-machine, single  and double. 
3. Combined wire  and silk dressing-machine. 
4. Double machine, wire above and silk below (Plate 7, Fig. 6). 
Each of these different kinds of machine is made in  two  or more 

sizes, the  larger size only about 2 feet 6 inches in diameter, the 
smaller size about 1 foot 8 inches in diameter, and of a length 
proportional t o  the class of work and material. Great prejudices 
exist  against machines of such  small diameter, and  many makers 
produce  enormous space-wasting machinery, which, however, pre- 
sents no advantages of any kind, the machine here described doing 
the best possible  class of work, both as respects quality  and quantity. 

The wear and  tear of the  silk used in flour mills  is a costly 
item,  principally so in  centrifugal dressing-machines, which do 
their work more vigorously than  the old  reel. A special strong 
silk is therefore generally used. It is important  to keep the coarse 
sharps  or  bran  away from the silk, otherwise the  latter  is quickly 
worn out. Hence it is usual in  Hungary,  and some other countries, 
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to have a special wire machine before  each silk  centrifugal, to take 
these sharp  parts out, but  this is costly in money and space. 

This difficulty is met by  the machine shown in Plate 7, Fig. 2, 
which is called a ‘‘ combined  machine.” The  part on the  left  is 
covered with perforated metal  or  wire cloth, which throws off the 
bran  and coarse sharps, and only allows the flour or fine middlings 
to pass into  the  silk  or second part on the  right-hand side. Thus 
the  hard  part of the work @ taken off the dressing silk,  which 
consequently lasts  much longer. Plate 7, Fig. 6, shows a section 
of  double centrifugals used in  larger mills, the  top  reel being 
clothed with wire, the bottom reel with  silk ; they  are placed  one 
on the  top of the  other, to save floor-space and  to avoid the 
necessity of elevating the material  again from the one into  the 
other. But few  old-fashioned mills  have floors  of  sufficient height 
for allowing ordinary  centrifugals  to be placed  one  above the 
other. To meet this difficulty, the material dressed through  the 
top cylinder is lightly scraped along the concentric bottom part 
of the top machine, by  leather  or rubber scrapers, on to  the 
worm W, which transports it to one end and  into  the lower silk 
machine. This arrangement enables the  two dressing-cylinders to 
lie almost close together,  and a double  machine, of a height of only 
7 feet 6 inches, is thus obtained. 

PURIFYISG-MACHINERY. 
Middlings and semolina,  coming  from the cracking or break-rolls, 

are  to a great  extent mixed with  particles of bran  and flour ; it is 
necessary to separate  these from  each other,  as  the best  results in 
high  grinding can only be obtained by  the  further reduction of the 
cleanest possible middlings. In the purifier used by  the Author, 
the middlings to be purified are graded into about four different 
sizes by a shaking sieve placed along the top of the machine, and 
going at  the  rate of four  hundred  or five hundred vibrations per 
minute. Each grade  falls  directly through a blast of air produced 
by  the suction of a fan placed in  the machine itself (Plate 7, Fig 7). 
Each half of the machine produces two grades only. The  grading 
is entirely separate in its action from the purifying. The middlings 
fall from the  silk sieves, at  the points marked A A, into  the 
purifier proper, and along ledges of wood, a t  F F. Slides exist to 
regulate the suction. In order to  further regulate the direction of 
the  purifying air-stream sucked into  the machine, and  through  the 
stream of middlings  falling down, regulating flaps (D D) turn 
round the points E E. 

The stream of air  enters thO opening and passes through the 
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middlings, the heaviest particles of semolina falling  straight down. 
The  lighter  are carried over the movable  blades, and  fall  into 
the  next compartment, and  the  lightest and branny particles are 
ca.rried through  into  the  third compartment. In order t o  avoid the 
possibility of any loss through good material  being carried by  the 
blast  into  the  stive chamber, the pressure of wind employed is very 
slight,  but  the middlings are caused to pass from three  to five 
times through  the blast, so that every grain is, so to speak, weighed 
and separated several times, according to its size and gravity. 
Each grade of middlings is divided into  three or four sorts, the 
first being more  or  less pure middlings, whereas the  last separations 
are already offal. 

There  are no moving parts about such a machine except the fans 
and oscillating grading sieve.  None of the  internal portions of the 
purifiers are liable to  get out of order. The  extent of the  puri- 
fication is under the control of the  miller,  and  the first sorts of 
each grade of middlings can be made as pure a may be desired. 

These machines are made in four sizes.  Machines Nos. I. and I.A 
purify each four grades of semolina simultaneously, and make 
sixteen separations.  Machines Nos. 11. and 111. purify each two 
grades of middlings, and make eight separations. The HP. required 
for any one of these machines does not exceed 8. 

DESCRIPTION OF A MODERN ROLLER-MILL HIGH-GRINDING PROCESS. 

To carry out the principles and obtain the  results  and advantages 
already mentioned, the  grinding of the  grain  by  the roller-mill 
process is divided into  three main operations. First,  the granula- 
tion or separation of the outer  husk  or  bran of the  grain from the 
kernel ; secondly, the purification of the broken kernel  or semolina 
obtained by granulation from such portions of the bran as have 
become mixed with it ; and  thirdly,  the  gradual reduction of the 
purified semolina into flour. 

The granulation of the  wheat is by  far  the most important part 
of the science of milling  grain, and  the  first  and main object of 
the high-grinding process with roller-mills is to separate the kernel 
from the husk by successive gradual reductions of the  grain, so as 
to obtain the kernel in  the form of semolina or small granular par- 
tides mixed with as little flour and  as  little  bran  as possible. This 
granulation is best performed in  the following manner :- 

The  wheat  enters first a set of cracking-rolls which  are set some 
distance apart,  and may be, according to the  nature of the wheat 
mostly to be ground in the mill, either plain or provided with 
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coarse  flutes. The number of flutes in  this case is about ten  per 
inch. 

This cracking process is a continuation of the wheat cleaning, 
and should be kept  separate, as the  dust created by it can only 
have a prejudicial effect on the  further operations. The grains of 
wheat  in  their passage to  and between the rollers in  this cracking- 
mill, rub against each other  and  the rolls, and  are opened out a t  
the crease, thus  letting much of the  dirt, which lodges there  and 
on the surface, fall  away,  and, what is equally  important, the 
slight squeeze given by  the rollers unseats the germ and removes 
it to some extent  either  at once or in  the scalping  cylinder or cen- 
trifugal  wire reel which follows this operation. The product from 
cracking  germs and  dirty flour is usually 4 to 1 per cent. of the 
wheat, and can to some extent be regulated at  will. 

I n  mills of sufficient capacity to require  several roller-mills for 
the first break, and where  mixtures of wheat of very different sized 
grains  are used, it is found advantageous to grade the  wheat 
according to its size into  two or three grades both in  the cleaning 
and cracking processes. This enables the  miller  to  set  the first 
break-rollers so accurately as  to perform more work in  the best 
possible manner, just  slightly cracking  or opening out a very  large 
proportion of the grains, thus releasing the  dirt contained in the 
crease with  as  little good flour or semolina as possible. 

This cracking process is also very useful in conjunction with 
and before stone-grinding. It squeezes and opens out the  grains 
without  flattening  them too much or breaking  the bran to any 
appreciable extent,  thus  preparing  the wheat for the succeeding 
operations. 

A miller employing stones introducing this operation may con- 
siderably improve his otherwise low-grinding  results by  the addi- 
tion of one roller-mill with  the necessary dressing-machine, which 
will keep  out the small but  harmful percentage of dirty flour. 
Many millers using stones have availed themselves of this facility, 
and  this  is  the first step of a useful combination of existing stone- 
milling with roller-milling, which can be carried further a t  other 
points of the process to be described. 

The  further reduction of the  wheat is then performed by suc- 
cessive breaks with  sharp fluted rollers, each finer than  the pre- 
ceding one, and  the  last  being a very &e fluted " bran-cleaning " 
mill. The  number of breaks  vary. Five  or  six breaks are usual 
in this country, but on the Continent  many  millers find it to  their 
advantage  to utae up  to  nine breaks, as to a certain degree the more 
gradual  the reduction the  greater  the advantages obtained. An 
[TEE INST. C.E. VOL. LXX.] Q 
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increased number of breaks requires, of course, increased space, 
increased outlay in machinery, and increased watchfulness and 
attendance. In low grinding  by rollers two  or  three breaks only 
are used. 

The broken wheat, after passing each roller-mill, goes through 
special centrifugal scalping-machines similar  to  the all-silk 
machine.  Most of these machines are covered either  with per- 
forated zinc, iron, or sheet metal, or, better still, with brass  or 
iron-wire cloth. 

Quite recently, nickel-plated wire  has been rapidly introduced ; 
it is much less subject to corrosion, although  dearer;  its use, 
therefore,  in  the corrosive atmosphere of manufacturing towns is 
to be  recommended. These scalping-reels remove the semolina 
and flour  produced a t  each break, and  the residue of unreduced 
wheat  or heavy bran is passed on to  the  next mill. 

The product of the first break is separated and finished in one 
machine ; namely, in one of the combined wire and silk centri- 
fugals (Plate 7, Fig. 2). The  wheat from the cracking-roller is 
delivered by  the  central worm i o  the  rear end of the wire part, 
driven  by  the beaters back over the  wire  and passes out  again at  
the  front of the machine on its way to  the second break-rollers; 
whereas the germs and  dirty flour which pass through  the wire 
are conveyed on into  the silk cylinder in which the  dirty flour is 
separated from the germ and small quantity of useful semolina 
with which it is mixed. 

The products of the second, third  and  fourth breaks, being of 
about equal value, may be  reduced together,  and pass for this 
purpose into a double centrifugal  with wire and  silk cylinders. 

The  top or wire cylinder dresses out the flour and fine middlings, 
which  are wormed together  and delivered into  the  silk cylinder 
below for further separation. The coarse  semolina and  branny 
particles pass over the tail of the  wire cylinder. The small  amount 
of break-flour produced is dressed through  the  silk  cylinder;  the 
last operation of the silk also separates the fine middlings suffi- 
ciently  pure for rolling  without  being first purified ; and  the fine 
semolina  goes over the tail. The wire  cylinder is only used  because 
the  rough semolina  would wear out  the silk, and  all  the semolina, 
both from the  wire  and from the  silk, is simultaneously conveyed 
into simple grading cylinders to be graded 'or sorted into conve- 
nient sizes for the different purifiers. The  product of the  fifth 
break is dressed in a separate machine, the flour  from which, being 
somewhat darker  in colour but richer in gluten, joins the flour of 
the other breaks. The fine middlings and semolina  produced by 
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this break are small in  quantity,  and EO much mixed with fine bran 
that it is more advantageous to obtain them separately and  intro- 
duce them  into  the  later operations, a t  a stage  when  the best semo- 
lina  has been so far robbed of its best flour as to be about their 
equal in quality. 

A miller  employing stones may also borrow the  fifth break, or 
bran  cleaning operation, to improve his  results  by  the  partial use 
of roller-milling. He is thus enabled to  grind  higher  with  the 
stones, to produce  more  semolina, and  to leave the work of scraping 
or  cleaning of the  bran  to a separate roller-mill. 

The purification of the graded semolina is performed by  the 
machines shown (Plate 7, Fig. 7), and consists simply in causing 
each grade of semolina to pass several  times  through  an  air- 
current or suction draught, regulated according to  the  weight 
of each grade of semolina, so as to  draw away all  the  light  particles 
of bran  or chaff which are mixed with it. To do this effectually 
a blast is used  sufficiently strong  not only to remove all  light 
material through  the  fan,  but also just  to separate in the purifier 
the heavy semolina into two qualities, of which the first is suffi- 
ciently  pure  to  go  to  the reducing and  grinding-rollers, but  the 
second quality is transferred to  another purifier to be further 
purified before rolling. 

In  the same manner that  the  kernel of the  wheat is gradually 
extracted by Successive  passages through fluted rollers, the reduc- 
tion of the semolina, &C., into flour is attained  by successive 
grinding5 by smooth rollers and dressings in centrifugal  silk 
machines. I n  the first roller-mill the semolina is merely cracked 
or rolled with slight pressure, so as  to  flatten  slightly  any  branny 
particles or germ and only reduce slightly  the pure semolina, and 
the product of this roller is then dressed in a combined wire  and 
silk machine, so that  the flattened germ and offal are separated by 
the wire, and  the flour and fine  semolina by  the  silk cylinder. The 
starchy  particles of the semolina being easiest reduced, it follows 
that  the flour from this first reduction of semolina is of very good 
colour, but somewhat deficient in gluten.  The fine  semolina 
thus obtained is then passed through a grader  and purifier on to a 
second set of rolls for further reduction, and  as it is now nearly 
pure  and  the somewhat more glutinous  particles are reached, the 
flour from this reduction and from the  next following is the 
purest  and strongest that  the wheat contains. At each successive 
reduction besides the flour a quantity of fine middlings is pro- 
duced sufficiently  pure for grinding  without  further purifying, 
and after  several reductions the material becomes so fine aa to be 

Q 2  
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too light for further purification by blast,  and is then merely 
passed through successive rollers and dressing-centrifugals until 
all  the flour has been extracted and  nothing remains but  the 
fibrous portions of the  kernel, known as fine sharps. Of course 
the  0our from the last  grinding gradually becomes inferior in 
colour and  quality,  and from the  last  grinding a small percentage 
of soft dark flour is obtained. It will be  evident that both the 
reduction of the semolina into fine middlings, too fine  for purifi- 
cation, also the  grinding of these fine middlings into flour, may  be 
performed gradually,  or  may be retarded,  by decreasing the 
amount of pressure a t  each rolling,  just  the same as  the granu- 
lations  may be finished in from two  to  nine breaks ; and in fact 
it remains as  an  irrefutable  principle in roller-milling that  the 
more gradual  the  granulation,  the  greater  the percentage and  the 
better  in  quality  the ,semolina ; that  the more gradual the reduction 
of the semolina, the  greater  the  quantity and the  better  the  quality 
of the fine middlings ; and  the more gradual  the  grinding of the 
fine middlings, the  greater will be the proportion of the best 
qualities of flour. 

No definite limit has as  yet been ascertained beyond which 
this increased advantage of more gradual reduction does not 
theoretically hold  good. 

With regard to  the percentage and  the value of the flour obtained 
by this process, taking  into account the germ  which is almost 
entirely  extracted,  and the  dirty flour from the wheat-cracking 
process (both of which.  products are necessarily mixed with  the 
flour in stone-grinding), about the same percentage of flour can be 
produced  from any given wheat as can be made by  the stone upon 
the same wheat; for although  the stone grinds  up a certain 
portion of the  bran  into  the flour, it at  the same time mixes a 
similar portion of good  flour with  the offal so inextricably that no 
amount of dressing or. purifying can separate them ; thus  the stone 
has no advantage  even in regard to  quantity of flour  over a pro- 
perly contrived and  intelligently  worked roller-system ; whereas 
with regard to the  quality  and value of the flour, the advantage on 
the side of the roller is considerable. On the average the rollers 
produce from 72 to 75 per cent. of flour, about 15 to 24 per cent. 
being break-flour, or  direct  0our made during granulation, the 
remainder of the  kernel being semolina and middlings. This break- 
flour, although  naturally  lighter  in colour and possibly somewhat 
less glutinous than  the semolina  flour, is nevertheless from  almost 
any  quality of wheat almost equal in colour and  quality  to  the 
straight-run flour made by stones from the same wheat. From the 
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reduction  and  first  grinding of the best semolina and fine middlings, 
a  quantity of flour is produced which is  worth from 5s. to 10s. per 
sack more than ordinary stone-flour, and  this  quantity  varies from 
45 to 65 per  cent. of the  total flour. From the remaining  grindings 
of the fine middlings, flour is obtained  which, mixed with  the 
break-flour, will  make  a  quality  equal  to the  straight-run flour 
from stones, and comprising from 30 to 50 per  cent. of the flour, 
leaving  out  about 5 per  cent. of the flour made from the  last 
grindings,  and  equal  to the seconds  produced by stones. 

The  style of granulation above described with successive single 
roller-mills  for the several  breaks located generally on the ground 
or first floor, and  necessitating an elevator t o  each mill t o  carry 
up  the break  material t o  the corresponding scalping-machine on 
the top floor, and  a  large hopper with  a feed-roller over each roller- 
mill,  although  in use in  the best  mills on the Continent  and suc- 
cessfully adopted by  the Author in many  British mills, is neverthe- 
less  often  unsuitable to  existing  mills in  this country.  These 
frequently do not possess the requisite  number of floors, and if they 
do,  floors only of very inadequate  height. To  meet this difficulty 
the Author  has  introduced,  together with Mr. Heinrich Seck of 
Frankfurt,  a new self-contained gradating-machine which reduces 
the wheat to flour, semolina, and finished bran, completely in one 
compact machine, with as many  breaks  and  as  gradually  as may be 
desired  (Plate 7, Figs. 8 and 9). This machine consists of a combi- 
nation of all  the rollers necessary for five or six  breaks with  three 
of the intervening  dressing operations. (Fig. 1, p. 230.) 

The  wheat from the first or cracking-break done by  the rollers 
marked I ie scalped and dressed in  a separate  machine as hitherto. 
The broken  wheat is  then  returned t o  the  granulator  at  the top, 
and the second, third,  fourth,  and  fifth  breaks,  with  the  inter- 
vening  scalpings  or  dressings,  are performed automatically  and 
continuously in it, the meal from these  dressings  being collected 
for  sorting  and  purifying.  The  order of the operations is indi- 
cated by arrows. The meal from the  fifth break is 'dressed 
separately  as heretofore. The principal  feature of this machine 
is  an improved centrifugal  feeding  apparatus,  by  which  the  broken 
wheat ,or bran  is  thrown  between  the rolls in  the most regular 
manner,  and  over their whole width.  This  apparatus  enables the 
compact form of this machine to be used, as  otherwise  much more 
vertical space would be occupied. In America a  machine on 
somewhat  similar  lines  has  lately been constructed, but  without 
the feeding  arrangement,  and  with  many  drawbacks,  both from 
the  standpoint of the engineer  and the miller.  The  want of 
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such a feeding arrangement  is  the reason that  the American 
machine goes through  three floors, which, besides wasting space, 
much increases the  difhulty of attending  to  the machine. 

FIG. 1. 

? 

The  centrifugal feed-apparatus is fixed on the lengthened shaft 
of the dressing-machine, and delivers the meal through  the longi- 
tudinal opening in its casing to  the  next  pair of rolls. The beaters 
are somewhat similar to those used in  the  centrifugal dressing- 
machine already described, and consist of a number of  moro or less 
radial blades J extending some distance from the axis, the surfaces 
of which blades are  cut  into finger-like sections. Each of these is 
so set  or  twisted,  with a gradually increasing  inclination, as to 
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take  up and to propel the material coming in at  one end,  both 
horizontally  and  radially, in such  a  manner as to spread it into  a 
uniform feed, and  to  deliver it over the whole width of the rollers. 
Too much importance  cannot be attached to a regular feed in 
roller-mills,  and the Author  has found in practice that  the same 
width of roller fed by  this  apparatus produces considerably more 
work than  a roller-mill fed in  the ordinary way, which does not 
ensure the continual use of every part of the  width of a roller-mill. 

A general  idea of the course of manufacture by  the roller- 
process may  be  obtained from Fig. 2, p, 232. The  wheat passes 
through five successive break-rollers  and  scalpers, the  tails of the 
last  scalper  being the finished bran.  These scalpers are  centri- 
fugals covered with wire-cloth  to sieve out the flour and semolina 
produced at each break. This  must be re-dressed, and it will  be 
seen that  the product from the first  break is finished in  a separate 
machine, the first  half  being the scalper,  and the second half the 
re-dressing part.. The product from the fifth  break is also re-dressed 
in a separate machine as above mentioned. The  product from the 
intermediate  breaks  is  drawn  together  and re-dressed in  the double 
wire  and  silk  centrifugal,  marked  break-meal  centrifugal.  The 
product of this  is break-flour or direct flour, fine middlings  ready 
for  rolling,  and semolina over the  tails of the two  cylinders,  which 
semolina goes t o  the grader,  and from that to the purifiers. The 
purified semolina is  then  brought upon the first of the  reducing 
rolls,  and after rolling is dressed in  a double centrifugal.  The 
fine middlings  and semolina from this first  reduction go t o  the 
second reduction-rollers, the semolina tail of the silks  being  first 
purified.  After the second reduction the fine middlings  and  again 
repurified tail come upon a  third roller,  where they  are joined  by 
the fine  middlings from the break-meal centrifugal.  After  this 
the rolls  may be called grinding  rollers,  and the subsequent 
operations  are  merely successive grindings  and  dressings of the 
fine  middlings until  they  are finished, the  tails of the last 
centrifugals  being offal. There  are some  seconds and  tailings 
from the purifiers,  as also from the centrifugals,  which are intro- 
duced and  treated a t  various  points in the process, so that  they 
may be ground  together  with material of about  equal  value ; but 
these  details could not  have been shown without  complicating 
the drawing too much. The diagram  represents  a  small  roller- 
plant of average completeness as  suitable  for  small  mills in this 
country, but  the reduction  and  grinding of the semolina would 
bo performed more gradually, that is, with  a  larger number of 
operations, in a  mill of larger size. 
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The actual  arrangement of this  plant in a  mill-building is 
shown in Plate 8, from which it will be seen that  the patent 
granulator  and five reducing roller-mills stand on the first floor 

along each side.  Above the reducing-mills are  the purifiers with 
worms to collect the purified semolina and convey it to  the 
rolls, and, also t o  convey away  the offal; behind these is  the 
grinding hopper, and on the floor above are the centrifugal 
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dressing-machines;  those for the break-flour and  the finishing 
operation on the one side of the room, and those for the reducing 
and  grinding of the best semolina and  middlings on the other side. 
The flour from the various  reductions of the semolina and fine 
middlings can be all  drawn  together  to one quality or into more. 
The plan shows three flour-making worms so as  to provide  three 
qualities of flour, the proportions of which may be varied to  suit 
the requirements of the millers. At  the end of the building is  a 
space divided off by  a wall with double iron doors for the wheat- 
clearing  department. 

The following is  a  list of the machines comprised in  this 
plant :- 

Granulation-- 
One granulator. 
One  combined centrifugal for I. break. 
One  combined wire  and  silk double centrifugal for II., III., 

One double wire  and  silk  centrifugal  for V. break. 

One grader  for semolina. 
One purifier  for coarse semolina. 
One purifier  for fine semolina. 
One semolina repurifier. 
Two  small  purifiers  for semolina tailings. 

IT. break. 

Purijcation- 

Reducing and  Grinding- 
Five  three-high middlings  roller-mill. 
Five  silk centrifugals. 
Two  detachers. 

The capacity of this  plant is about  six  hundred sacks of flour 
per week. The HP. required to  drive it, exclusive of wheat- 
cleaning, is between 30 and 40 indicated. The  building is 38 feet 
long by 24 feet  wide  for the roller-mill  department,  and 14 feet 
wide by 24 feet  long  for the wheat-cleaning. The cost of the 
milling  machinery,  exclusive of the wheat-cleaning, is about 
$2,000, and the  fitting  up of the same would require  a  further 
outlay of from S700 to 5800. 

The  Paper  is accompanied by several  drawings  and  diagrams 
from which  Plates 7 and 8 and the woodcuts have been prepared. 
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